The first crystal structure of an alkaline metal salt of thioglucose: potassium 1-thio-b-D-glucoside monohydrate
In the crystal structure of the title hydrated salt, poly[( 2aqua)( 4 -1-sulfido--d-glucoside)potassium], [K(C 6 H 11 O 5 S)-(H 2 O)] n or K + ÁC 6 H 11 O 5 S À ÁH 2 O, each thioglucoside anion coordinates to four K + cations through three of its four hydroxy groups, forming a three-dimensional polymeric structure. The negatively charged thiolate group in each anion does not form an efficient coordination bond with a K + cation, but forms intermolecular hydrogen bonds with four hydroxy groups, which appears to sustain the polymeric structure. The Cremer-Pople parameters for the thioglucoside ligand (Q = 0.575, = 8.233 and ' = 353.773 ) indicate a slight distortion of the pyranose ring.
Comment
In recent years, thiosugars, especially thiol-containing monosaccharides, have attracted considerable attention; this is because of their unique chemical reactivity due to the presence of the thiol group, as well as the physicochemical and biochemical properties that are inherent in sugars (Witczak & Culhane, 2005) . Among this class of compounds, 1-thio--dglucose (H 5 tg) is one of the simplest thiol-containing hexoses and is commonly used as a raw material for artificial organic thioglycosides. In the field of coordination chemistry, H 5 tg has been used as a chiral ligand toward thiophilic metal centres, giving metal complexes with a deprotonated thiolate donor (Okamoto et al., 1994; Leipnitz et al., 2001) . Owing to the presence of a sugar backbone in their structures, metal complexes derived from H 5 tg often show hydrophilicity and biocompatibility. Hence, H 5 tg and/or its metal complexes have been applied not only as antirheumatoid drugs (Shaw, 1999) , but also as coating reagents for gold nanoparticles (Watanabe et al., 2010) .
While the applications of H 5 tg have developed rapidly, crystallographic information is not extensive. The first structural investigation was made by Waser & Watson (1963) who elucidated the molecular structure of a H 5 tg residue in Sinigrin [potassium (E)-1-{[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]sulfanyl}but-3-enylideneamino sulfate], which is a kind of thioglycoside extracted from cruciferous plants. After this investigation, a number of S-substituted derivatives of H 5 tg were prepared and structurally characterized (Marsh & Waser, 1970; Jaki et al., 2002; Kuhn et al., 2004) . Nevertheless, the structural determination of H 5 tg itself has not yet been reported and, furthermore, only two transition metal complexes derived from H 5 tg, namely [Co(H 3 tg-2 S,O)-(en) 2 ]NO 3 (en is ethylenediamine) [Cambridge Structural Database (CSD) refcode ZIGGOL; Okamoto et al., 1994] and [ReO(tren)(H 4 tg-S)] [tren is tris(2-aminoethyl)amine; CSD refcode AMONUL; Leipnitz et al., 2001] , have been structurally characterized to date. In these complexes, H 5 tg is partially deprotonated and strongly bound to the metal centre through its thiolate donor group.
In the course of our study on the preparation of metal complexes derived from H 5 tg, we found that the hydrolysis of 2,3,4,6-O-acetyl-1-thio--d-glucose with KOH gave a monohydrate form of potassium 1-thio--d-glucose, viz. KH 4 tgÁ H 2 O, (I), which was easily crystallized from water by diffusing acetone. Herein we report the molecular and supramolecular structure of (I). This is the first structural determination of an alkaline metal salt of thioglucose.
Salt (I) consists of one K + cation, one H 4 tg À anion and one water molecule, all in general positions in the asymmetric unit ( Fig. 1 ). The absolute configuration of five asymmetric C atoms (C1, C2, C3, C4 and C5) in the H 4 tg À anion were determined to be S, R, S, S and R, respectively, based on the Flack (1983) parameter. For the H 4 tg À anion, a thiol group is [Symmetry codes: (i) Àx + 3 2 , Ày, z + 1 2 ; (ii) x À 1 2 , Ày + 1 2 , Àz + 1; (iii) x À 1, y, z; (vi) x + 1, y, z; (viii) x + 1 2 , Ày + 1 2 , Àz + 1; (ix) Àx + 3 2 , Ày, z À 1 2 .] deprotonated while four hydroxy groups remain protonated. This is consistent with the higher acidity of a thiol group compared with a hydroxy group. As shown in Fig. 1 Fig. 1 ). It is noteworthy that the K-S distance [K1-S1 = 3.5273 (6) Å ; Table 1 ] is longer than the distances found in general potassium thiolates (3.055-3.216 Å ; Chadwick et al., 1997) . This implies that the thiolate group in the H 4 tg À anion does not have a high coordination ability to a K + ion. The other bond lengths and angles, including K-O bonds [2.7669 (14)-3.099 (2) Å ], are in the ranges normally observed for related compounds. In (I), each K + cation is triply bridged to each of two neighbouring K + cations by O atoms (O1, O2, O6 and their symmetry-related counterparts) to give a one-dimensional chain structure along the crystallographic a axis (Fig. 2 ). This chain structure is supported by K-S bonding interactions and intermolecular O-HÁ Á ÁS hydrogen bonds [O5Á Á ÁS1 vi ; symmetry code: (vi) x + 1, y, z]. Moreover, each one-dimensional chain connects with four neighbouring chains through a linkage involving the K1-O5 i bond (symmetry code as in Fig. 1) , completing a three-dimensional network structure in the crystal packing ( Fig. 3 ). There exist four different O-HÁ Á ÁO hydrogen bonds (Table 2) which also support the threedimensional structure in (I).
As described above, the thiolate group of the H 4 tg À anion does not form an efficient coordination bond with a K + cation but forms intermolecular hydrogen bonds with four hydroxy groups in (I). This result obviously shows that the thiolate group in the H 4 tg À anion acts as a good hydrogen-bonding acceptor even when an alkaline metal ion exists in its vicinity. Note that the thiolate group in [Co(H 3 tg-2 S,O)(en) 2 ]NO 3 forms only one intermolecular N-HÁ Á ÁS hydrogen bond (NÁ Á ÁS = 3.29 Å ) and [ReO(tren)(H 4 tg-S)] does not form any hydrogen bonds involving the S atom, which is understood by the formation of a strong coordination bond with the transition metal centre.
In order to estimate the distortion of the pyranose ring, the Cremer-Pople theory (Cremer & Pople, 1975 
Figure 3
A view of the three-dimensional framework structure in (I In summary, this study provides a significant insight into the molecular and supramolecular structures of an alkaline metal salt of 1-thio--d-glucose for the first time. The crystal structure of (I) is composed of one-dimensional chains sustained by K-O coordination bonds, which are further assembled into a three-dimensional structure by forming K-O coordination bonds and O-HÁ Á ÁO hydrogen bonds. Unlike the known transition metal complexes derived from H 5 tg, the thiolate group in H 4 tg À does not form an efficient coordination bond with K + in (I) but forms multiple O-HÁ Á ÁS hydrogen bonds. This observation demonstrates that the thiolate group in H 4 tg À acts as a good hydrogen-bond acceptor, which should contribute to the design and development of new thioglucosebased supramolecular systems.
Experimental
A sample of 2,3,4,6-O-acetyl-1-thio--d-glucose (4.99 g, 0.144 mol) was added to a solution containing KOH (2.23 g, 0.391 mol) in methanol (200 ml). After stirring for 9 h under an N 2 atmosphere, the resulting white powder was collected by filtration, washed with ethanol and acetone, and dried in vacuo (yield 2.47 g, 70%). Analysis calculated for C 6 H 13 KO 6 S: C 28.56, H 5.19%; found: C 28.53, H 4.95%. 1 H NMR [400 MHz, D 2 O, p.p.m. from sodium 3-(trimethylsilyl)propane-1-sulfonate (DSS)]: 4.52 (1H, t, J = 9.0 Hz), 3.84 (1H, dd, J = 12.5, 1.5 Hz), 3.67-3.64 (1H, m), 3.42-3.37 (3H, m), 3.03-2.99 (1H, m). Single crystals of (I) suitable for X-ray analysis were obtained by diffusion of acetone to its aqueous solution. H atoms bound to C atoms were placed at calculated positions [C-H = 0.99 (CH 2 ) and 1.00 Å (CH)] and refined as riding, with U iso (H) = 1.2U eq (C). All H atoms bound to O atoms were located in a difference Fourier map and were refined with distance restraints and constrained displacement parameters [O-H = 0.84 (2) Å and U iso (H) = 1.2U eq (O)].
Data collection: RAPID-AUTO (Rigaku, 2000) ; cell refinement: RAPID-AUTO; data reduction: RAPID-AUTO; program(s) used to solve structure: SIR92 (Altomare et al., 1994); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: Yadokari-XG 2009 (Kabuto et al., 2009) ; software used to prepare material for publication: Yadokari-XG 2009. This work was supported by a Grant-in-Aid for Science Research (grant No. 23350026) from the Ministry of Education, Culture, Sports, Science and Technology of Japan, and by the Kurata memorial Hitachi Science and Technology Foundation.
Supplementary data for this paper are available from the IUCr electronic archives (Reference: EM3054). Services for accessing these data are described at the back of the journal.
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